The response of a fibre optic long period grating (LPG) to the surrounding refractive index is shown to be modified by the deposition of a thin film of thickness of order 100nm onto the cladding. The LPG becomes sensitive to surrounding refractive indices greater than that of silica, and exhibits an enhanced sensitivity to external refractive indices lower than that of silica.
Fibre optic long period grating (LPG) devices are being developed and investigated for a range of uses in telecommunications and sensing systems 1,2 . The sensitivity of the transmission spectrum of a LPG to the refractive index of the surrounding material has been extensively investigated and has been exploited for a range of applications, including, for example, as a refractive index sensor 3 , a chemical solution concentration sensor 4,5,6 , to form a liquid level sensor 7 , as a means of controlling the thermal response of the LPG 8 and for forming a tunable spectral filter 9 . While LPGs formed in silica based optical fibres are sensitive over only a limited refractive index range, typically from 1.4 to 1.45, and their response is not species specific, it has been shown that LPGs may be used for on-line monitoring of the concentration of aqueous solutions of materials especially in inaccessible or hazardous locations for industrial production quality control 6 . Concentrations of solutions of
The attenuation bands are centred on phase matching wavelengths governed by the
where n eff (λ) is the effective refractive index of the propagating core mode at wavelength λ i , Previously we have shown that the transmission spectrum of an LPG is highly sensitive to the optical thickness of an overlay material deposited onto the optical fibre 12 .
Here we aim to extend this study and investigate the effect of the presence of such an overlay material upon the response of the LPG to the surrounding refractive index. The Langmuir Blodgett technique allows the manipulation of materials at the molecular level. A monolayer of the organic material is spread on the subphase of pure water.
The molecules are engineered such that one end of the chain is hydrophilic, while the other is hydrophobic. The monolayer is compressed to form an ordered film on the water subphase. A substrate passed through the air/water interface picks up a monolayer of thickness approx 3nm. Repeated passes through the interface allows a film to be built up one molecular layer at a time. High resolution control over the film thickness is achieved, ideal for waveguide applications. The technique may be readily adapted to facilitate uniform deposition of thin films onto a cylindrical structure such as an optical fibre 15, 16 .
The material deposited onto the fibres was tricosenoic acid [CH 2 =CH(CH 2 ) 20 CO 2 H].
The material has a molecular length of 2.8 nm, and refractive index 1.57 at 633 nm 17 In summary, it has been shown, experimentally and using a simple theoretical model, that the deposition of a thin film of material with refractive index higher that that of the cladding onto an LPG can modify the LPG's sensitivity to the external refractive index.
Enhanced sensitivity to refractive indices lower than that of the fibre's silica cladding was observed, and the presence of the film resulted in the LPG exhibiting sensitivity to refractive indices higher than that of the cladding.
In the experiments discussed here, the optical properties of the material used to form the overlay were insensitive to the oil. However, it is possible to engineer LB films that change their refractive index in response to, for example, exposure to a particular chemical species 16 , offering the prospect for developing a new chemical sensing capability. 
